An experiment was conducted in order to determine whether left-(LHD) and right-hemisphere-damaged (RHD) patients exhibit sensitivity to prosodic information that is used in syntactic disambiguation. Following the work of Marslen-Wilson, Tyler, Warren, Grenier, and Lee (1992), a cross-modal lexical decision task was performed by LHD and RHD subjects, as well as by adults without brain pathology (NC). Subjects listened to sentences with attachment ambiguities with either congruent or incongruent prosody, while performing a visual lexical decision task. Results showed that each of the unilaterally damaged populations differed from each other, as well as from the NCs in terms of sensitivity regarding prosodic cues. Specifically, the RHD group was insensitive to sentence prosody as a whole. This was in contrast to the LHD patients, who responded to the prosodic manipulation, but in the unexpected direction. Results are discussed in terms of current hypotheses regarding the hemispheric lateralization of prosodic cues.
Introduction
The neural substrates for the processing of prosodic information in the speech signal remain undetermined. Numerous hypotheses concerning the hemispheric lateralization of prosodic processing have been espoused, with varying degrees of supportive evidence. The two principal classes of hypotheses in current favour have been referred to as ''task-dependent'' and ''cue-dependent'' (Gandour et al., 2003) . A prime example of a task-dependent hypothesis is the functional lateralization hypothesis (Van Lancker, 1980) which attributes linguistically relevant prosodic processing to left hemisphere mechanisms and affectively relevant prosodic processing to right hemisphere mechanisms. Whereas a good deal of data from both patient studies and neuroimaging studies supports the proposal that linguistic significance plays a role in the lateralization of prosodic processing, a parallel set of findings on both speech and non-speech processing tasks supports the contention that the two cerebral hemispheres are specialized for the processing of specific acoustic parameters, with temporal properties being preferentially processed by the left hemisphere and spectral properties by the right hemisphere-a cue-dependent lateralization theory (e.g., Robin, Tranel, & Damasio, 1990; Van Lancker & Sidtis, 1992; Zatorre, 1997; Zatorre, Evans, Meyer, & Gjedde, 1992) .
One means of assessing the contrasting hypotheses is to employ a task that draws on strongly linguistic (or strongly affective) prosodic processing skills, but that requires processing of both temporal and spectral parameters. That is, in Van LanckerÕs (1980) original formulation of the functional lateralization hypothesis, functional load was considered to vary along a continuum, with phonemic tone representing a highly linguistic function of prosody, sentence modality (i.e., declarative vs. interrogative, etc.) representing an intermediate step and emotional tone representing the affective end of the continuum. The majority of studies of the comprehension of linguistic prosody by brain-damaged patients have focused on phonemic tone contrasts, emphatic stress contrasts, or sentence modality contrasts. To summarize the literature briefly, numerous investigations of left-(LHD) and right-hemisphere-damaged (RHD) patients (e.g., Baum, 1998; Baum, Kelsch Daniloff, Daniloff, & Lewis, 1982; Br a advik et al., 1991; Bryan, 1989; Emmorey, 1987; Gandour & Dardarananda, 1983; Hughes, Chan, & Su, 1983; Pell & Baum, 1997a , 1997b Weintraub, Mesulam, & Kramer, 1981) , as well as recent neuroimaging studies (e.g., Gandour et al., 2000; Gandour et al., 2003; Hsieh, Gandour, Wong, & Hutchins, 2001; Klein, Zatorre, Milner, & Zhao, 2001 ) have supported a left hemisphere superiority (or preference) for the processing of linguistically significant prosody such as phonemic (or lexical) and emphatic stress, as well as sentence modality. Far fewer studies have addressed the neural bases for the processing of prosody which serves to signal syntactic boundaries or cue syntactic attachment patterns-another function of prosody that may be considered highly ''linguistic'' along a functional continuum. Interestingly, there has been a resurgence of interest in this issue in the normal psycholinguistic literature (see, e.g., an entire issue of Language and Cognitive Processes, Vol. 11, 1996) . With regard to normal language processing, investigations have demonstrated that listeners make use of prosodic cues in comprehending sentences containing phrase boundary and attachment ambiguities (e.g., Beach, 1991; Blasko & Hall, 1998; Marslen-Wilson et al., 1992; Nagel, Shapiro, & Nawy, 1994; Shapiro & Nagel, 1995) . Whether the prosodic influence occurs during on-line syntactic parsing, directing parsing, or whether the parsing process is autonomous, with prosody influencing the output of the parser, remains controversial (e.g., Kjelgaard & Speer, 1999; Marslen-Wilson et al., 1992; Nagel, Shapiro, Tuller, & Nawy, 1996; Schafer, Carter, Clifton, & Frazier, 1996; Speer, Kjelgaard, & Dobroth, 1996) . Irrespective of the outcome of this debate, it is of interest to determine whether LHD and RHD patients are able to extract the relevant prosodic parameters and map the different patterns onto the appropriate syntactic constructions.
Three previous studies are particularly relevant in this regard. In an examination of both production and perception of prosodic cues to simple phrasal groupings, Baum, Pell, Leonard, and Gordon (1997) reported that individuals with both LHD and RHD exhibited an impaired ability to identify phrase boundaries in multiply conjoined strings. Although the emergence of a deficit for the RHD patients in this linguistic prosodic processing task was somewhat surprising (and not in keeping with the functional lateralization of prosodic processing), the authors suggested-consistent with other previous proposals (e.g., Behrens, 1989; Gandour, Dechongkit, Ponglorpisit, & Khunadorn, 1994; Gandour et al., 2003; Pell & Baum, 1997a) -that the right hemisphere may be implicated in prosodic processing that requires integration over longer temporal domains (see also Poeppel, 2001, in press) .
In a study exploring yet another type of syntactic boundary cued by prosody-e.g., the contrast between parenthetical and subordinate clauses-Perkins, Baran, and Gandour (1996) found that patients with LHD performed significantly worse than normal controls on a sentence-picture matching task in which the segmentally identical stimuli differed only in terms of prosodic pattern. RHD patientsÕ performance fell between that of the normal controls (whose accuracy scores were near ceiling) and those of the LHD group, but did not differ significantly from either one. The authors interpreted the findings in keeping with the functional lateralization of prosodic processing. In a recent follow-up to this investigation, Walker, Fongemie, and Daigle (2001) conducted three experiments that examined the role of prosody in syntactic disambiguation of attachment and closure ambiguities of the following type: (a) ''While the man parked cars, bikes were waiting.'' (b) ''While the man parked, cars were waiting.'' (Walker et al., 2001, p. 177) . The sentence in (a) above represents an interpretation that is in keeping with the parsing principles of minimal attachment and late closure (Frazier & Fodor, 1978) , whereas the (b) version represents a non-minimal attachment/early closure construction. Without the help of the comma in the written version, the portion of the sentences that are segmentally identical (i.e., through the word ''cars'') is syntactically ambiguous. More precisely, the intended attachment for the NP ''cars'' is ambiguous until additional material is encountered. However, as noted earlier, prosodic information may assist in disambiguating such sentences in the auditory modality (e.g., Beach, 1988; Shapiro & Nagel, 1995; Warren, 1985; but cf. Albritton, McKoon, & Ratcliff, 1996; Baum, Pell, Leonard, & Gordon, 2001) . Walker et al. (2001) designed three tasks to assess whether LHD and RHD patients would make use of prosodic information in disambiguating stimuli of these types. The first task was a Ônaturalness judgmentÕ task in which cross-spliced versions of the critical sentences were developed to create what the investigators refer to as ''cooperating'' and ''conflicting'' stimuli (i.e., those in which the prosody matched the intended attachment and those in which the sentence-initial prosody contrasted with the remainder of the sentence). Participants were asked to judge the naturalness of the presented stimuli via a binary decision. Reaction times (RTs) for the naturalness judgments constituted the primary dependent variable of interest. Results revealed that all subject groups exhibited faster RTs in the cooperating condition relative to the conflicting condition. A second task using the same stimuli required subjects to indicate by a button press whether they understood the sentence presented. RTs again revealed that all subjects were faster in processing the cooperating relative to the conflicting stimuli (although, not surprisingly, there were group differences in overall RT). In a final experiment, an analogue of a cross-modal naming task (e.g., Marslen-Wilson et al., 1992 ) required participants to judge whether a visually presented target word represented a correct continuation of an auditorily presented sentence fragment. (An example of a conflicting stimulus, for which the correct response would be ÔnoÕ, is: ''While the man parked cars, WERE (visual target).) Analysis of RTs again revealed that all groups were sensitive to the prosodic manipulation, yielding slower RTs in the conflicting relative to the cooperating conditions. Within the latter two experiments, the accuracy rates for the brain-damaged patients (particularly for the LHD group) were lower than those of the non-brain-damaged controls.
The combined results of all three experiments were interpreted as supporting an important role for prosody in guiding syntactic parsing for all groups (Walker et al., 2001) . With respect to the lateralization of prosodic processing, the authors suggested that the findings were largely in keeping with the functional lateralization hypothesis, as the LHD patientsÕ judgment accuracy decreased with the increasing linguistic demands of the tasks. A similar decline in performance by the RHD group was attributed to associated cognitive deficits rather than an impairment in linguistic prosodic processing per se. It is of particular interest to note that, somewhat surprisingly, both the LHD and RHD patients in Walker et al.Õs (2001) study were sensitive to the prosodic information contained in the stimuli as cues to syntactic parsing decisions, as reflected in response latency patterns. It is unclear whether the lower accuracy rates of the brain-damaged patient groups reflect general linguistic or cognitive processing deficits or are specifically related to the mapping of prosody to syntax. It is also important to point out that the tasks used in Walker et al.Õs experiments required metalinguistic judgments and thus tapped processing in a quite explicit way. In many psycholinguistic investigations (with nonbrain-damaged participants), tasks are designed to tap processing (in this case, parsing) more implicitly, not requiring goodness or naturalness judgements but relying on RT data in unrelated tasks to reflect syntactic processing skills (e.g., Marslen-Wilson et al., 1992; Nagel et al., 1994 ; among many others). The present study adopts the latter strategy in an effort to further elucidate the abilities of LHD and RHD patients to use prosody in syntactic disambiguation, with the larger goal of advancing our understanding of the neural bases of prosodic processing.
In particular, following Marslen-Wilson et al. (1992) and Nagel et al. (1994) , a cross-modal lexical decision task was designed in which sentences with attachment ambiguities were presented in both congruent and incongruent prosody conditions to determine whether patients with LHD and RHD are sensitive to prosodic parameters in on-line sentence processing.
If prosody facilitates parsing decisions (i.e., aids in syntactic disambiguation), minimal attachment stimuli with normal (i.e., congruent) prosody should yield RTs that are faster than or equivalent to those found for normal prosody non-minimal attachment sentences. Stimuli with incongruent prosody (both minimal and non-minimal versions) should yield slower RTs than their respective normal prosody counterparts, and the non-minimal attachment stimuli with incongruent prosody should yield the longest RTs due to the nonpreferred attachment (alone). If prosody is not used online by subjects, and their parsing decisions are driven solely by syntactic preferences in the initial instance (e.g., minimal attachment; Frazier & Fodor, 1978) , then RTs to the congruent minimal attachment sentences should be faster than to the non-minimal attachment sentences and the incongruent prosody versions should not differ from the congruent versions, with one possible exception. It is conceivable that the incongruent nonminimal attachment sentences would yield slower RTs than their congruent prosody counterparts for the following reason. For these non-minimal attachment stimuli, the parser is able to quickly correct its initial misanalysis with the help of congruent prosody. In contrast, for the incongruent non-minimal attachment stimuli, the reanalysis may be slowed due to conflicting disambiguating information from the syntax and the prosody.
Ignoring, for the moment, the specific acoustic attributes of the stimuli, under the functional lateralization hypothesis (Van Lancker, 1980) , the LHD patients should demonstrate less sensitivity to the prosodic manipulations, whereas the RHD patients should perform quite comparably to non-brain-damaged controls. (Recall, however, that previous data on related sentence types are equivocal.) If, however, as mentioned earlier, the domain over which prosody is signaled plays a role in its lateralization (e.g., Behrens, 1989; Gandour et al., 2003; Poeppel, in press ), the RHD patients may, in fact, exhibit some deficits in the current task. This latter prediction may be interpreted as consistent with recent versions of what may be considered to be cue-dependent hypotheses, such as that proposed by Poeppel (in press) (see also Gandour et al., 2003) . That is, if the RH preferentially processes spectral information integrated over longer time windows (e.g., Poeppel, in press), perception of sentence-level prosody (as in the present investigation) may be difficult for individuals with RHD.
Methods

Subjects
Three groups of subjects participated in the current experiment: 10 LHD nonfluent aphasic patients, 9 RHD patients, and 10 age-matched non-brain-damaged control subjects. All subjects were right-handed native speakers of English who passed an audiometric screening at <35 dB HL at the frequencies. 5, 1, and 2 kHz in the better ear. Brain-damaged patients had all suffered a single, unilateral cerebrovascular accident (CVA; confirmed by CT or MRI) at least four months prior to testing and underwent a series of screening tests that varied (in part) depending on their lesion lateralization. The LHD patients were screened for various speech and language skills using subtests of the Psycholinguistic Assessment of Language (Caplan, 1992) ; the RHD patients were screened for communication skills often impaired in this population (e.g., comprehension of inferences and figurative language). Background information on the participants appears in Table 1 .
Stimuli
Experimental stimuli consisted of the 24 sentence pairs used by Marslen-Wilson et al. (1992) . Each sentence pair began identically, but continued with either a minimal (MA) or non-minimal (NMA) attachment ending. For example, the following sentence pair is representative of all experimental stimuli (taken from Marslen-Wilson et al. (1992) , p. 87): a. The workers considered the last offer from the management was a real insult (NMA). b. The workers considered the last offer from the management of the factory (MA). Each experimental stimulus was recorded onto DAT tape by a phonetically trained female adult native speaker of English who took care to ensure the MA and NMA versions were produced with distinct prosody thought to be characteristic of the different attachment versions (see, e.g., Beach, 1988; Warren, 1985 ; but cf. Albritton et al., 1996) . These recordings were then digitized onto computer using the BLISS speech analysis system (Mertus, 1989) . Prior to any further manipulations, acoustic analyses of these stimuli were conducted to ensure that the expected prosodic cues were indeed present in the sentences. To this end, measures of overall sentence duration, duration of the initial verb (i.e., ''considered'' in the example above), and duration of the pause following that verb (if any) were computed. In addition, the F0 contour was extracted and examined for a fall-rise pattern in the vicinity of the verb and following noun phrase in the NMA versions, compared to a gradual and continual fall for the MA versions (see Fig. 1 ). The findings of these analyses are presented in Table 2 , where it is shown that the two sentence versions were, in fact, distinguished by both temporal and F0 cues.
Having established that the appropriate prosodic parameters were present in the stimuli, the point at which the two versions diverged lexically was identified in the acoustic signal (using standard cues from the waveform display, coupled with auditory perception). The endings of the MA versions were then digitally cross-spliced with the NMA sentence onsets; similarly, endings of the NMA versions were spliced onto the MA sentence onsets, creating a second set of 24 pairs of experimental stimuli with incongruent prosody (see Shapiro & Nagel, 1995) .
In addition to the experimental stimuli, a set of 96 filler sentences of comparable length were created, and recorded and digitized as described above. These distractor sentences included a range of syntactic structures, excluding sentences of the type used in the experimental stimulus set.
Each of the experimental sentences was paired with an unrelated monosyllabic probe word of 4 or 5 letters, with frequencies ranging between 90 and 120 per million (Francis & Kucera, 1982) . Within the filler sentences, 24 unrelated probe words were defined, along with 72 nonword probes, all obeying the phonotactic and orthographic constraints of the language. Probe words were displayed visually in the centre of a CRT at random points at the offset of a word within the filler sentences (excluding the first three word positions). For the experimental stimuli, the offset of the word which served to disambiguate the sentence structure was identified with a cursor which triggered visual display of the probe word.
Procedure
In order to reduce repetition, two experimental lists were generated, each containing half of the experimental stimuli, half of the filler stimuli that had been paired with real word probes, and half of the filler stimuli paired with non-word probes. If the congruent prosody MA version of a stimulus was included in one list, its corresponding incongruent prosody version appeared in the second list. Thus, each experimental list consisted of 24 congruent (i.e., normal) prosody experimental sentences (CMA, CNMA), 24 incongruent prosody experimental sentences (IMA, INMA), 12 fillers with real word probes, and 36 fillers with non-word probes, presented to listeners in random order over closed headphones at a comfortable listening level. Participants were seated directly in front of a CRT which displayed the visual target for lexical decision and were instructed to indicate their response to the probe word by pressing a ÔyesÕ or ÔnoÕ button on a response board, also in front of them, using their currently dominant hand. ÔYesÕ and ÔnoÕ buttons were counterbalanced across subjects within each group, as was order of presentation of the two experimental lists. At least one week intervened between presentation of the two lists. Responses and reaction times were recorded by the computer.
Results
Mean reaction times (RTs) for correct responses within each condition (excluding outliers >2 standard deviations from the mean) were computed for each individual participant. These values, averaged across participants within each group are illustrated in Fig. 2 . As may be seen, for the normal group, RTs to minimal attachment stimuli tended to be faster than to nonminimal attachment stimuli in both congruent and incongruent prosody conditions; however, the RT difference across attachment conditions for the incongruent prosody stimuli was substantially larger than that for the congruent prosody stimuli. For the non-minimal attachment stimuli alone, the influence of the incongruent prosody appeared to be quite dramatic; there was little difference in RT due to the prosodic mismatch for the minimal attachment stimuli.
Response latencies for the RHD group showed a similar pattern with respect to the syntactic manipulation. That is, the non-minimal attachment conditions tended to yield slower RTs than did the minimal attachment conditions. In contrast to the normal subjects, however, the presence of incongruent prosody did not affect RTs to either the minimal or non-minimal attachment stimuli. Patterns for the LHD group differed even more from those of the normal controls. In particular, within the congruent prosody stimuli, there appeared to be little difference in RT between minimal and non-minimal attachment stimuli. Further, quite unexpectedly, the stimulus conditions with incongruent prosody tended to yield faster latencies than did those with congruent prosody.
Statistical analysis of the data was conducted using repeated measures ANOVAs for each group separately. 1 Ideally, a three-way ANOVA including group as a betweensubjects factor would have been conducted. However, given the limited sample size and the heterogeneity within the brain-damaged patient groups, the anticipated and most relevant three-way interaction (among group, prosody, and attachment type) was unlikely to emerge. Thus, analyses were conducted separately for each subject group.
Type (minimal, non-minimal) ANOVA for the normal subjects revealed significant main effects of Prosody (F ð1; 9Þ ¼ 6:982, p < :05) and Attachment Type (F ð1; 9Þ ¼ 16:121, p < :003), as well as a Prosody Â Attachment Type interaction (F ð1; 9Þ ¼ 16:901, p < :002). Post hoc analysis of the interaction using the Newman- Keuls procedure ðp < :05Þ revealed significant differences between the minimal and non-minimal attachment conditions for the incongruent prosody stimuli only. The small RT difference between minimal and non-minimal attachment stimuli with congruent prosody did not prove to be significant. In addition, only for the non-minimal attachment stimuli was there a significant influence of the incongruent prosody (i.e., INMA > CNMA).
The ANOVA for the RHD patients yielded no main effects or interactions (F's all 6 1). Finally, the ANO-VA for the LHD patients revealed only a main effect for Prosody (F ð1; 9Þ ¼ 17:574, p < :002). As illustrated in the figure, this influence of prosody was in an unexpected direction, with stimuli with incongruent prosody yielding faster RTs than those with congruent prosody.
When dealing with brain-damaged patient groups, it is always of interest to examine individual patterns of performance to determine whether the group findings are truly representative of all of the individual participants. To this end, individual data within each group were explored to ascertain the number of participants whose RT patterns conformed to those of the group as a whole and/or to those of the normal control group.
Within the normal control group, all participants exhibited longer RTs to INMA relative to IMA conditions and all but one (NC6) produced longer RTs in the INMA relative to the CNMA condition, suggesting that the influences of both prosody and attachment type were quite robust. Similarly, 8 of the 10 normal controls demonstrated the expected RT patterns in comparisons of the CNMA and CMA conditions, as well as the IMA and CMA conditions, with latencies in the non-minimal and incongruent conditions equal to or greater than those in the CMA condition.
For the RHD subjects, because no significant effects emerged, the individual data were contrasted with those of the NC group. Of greatest interest, only two of the RHD patientsÕ (RHD8 and RHD9) RTs demonstrated a clear influence of incongruent prosody, with latencies in the INMA condition slower than in the CNMA condition; the majority of the patientsÕ RTs were in the direction opposite to that expected. Moreover, only about half the group showed results paralleling those of normal controls in comparing the INMA to IMA conditions (i.e., slower latencies in the INMA than the IMA condition), indicating an inconsistent sensitivity to attachment type in this patient group.
Recall that the LHD patients, as a group, demonstrated surprisingly longer latencies in the congruent prosody conditions relative to the incongruent prosody conditions. For the non-minimal attachment stimuli, 7 of the 10 patients exhibited such a pattern; for the minimal attachment stimuli, 8 of the 10 LHD patientsÕ RTs were consistent with the group pattern. Thus, only a very small number of LHD patients produced response latencies in keeping with those of normal controls; this group of LHD patients was therefore quite homogeneous in their insensitivity to attachment type as well as their unexpected ''misuse'' of prosodic information.
Discussion
The present study set out to investigate how sentence prosody is decoded by normal and neurologically impaired adults. Two independent questions were asked; first, under normal parsing circumstances, at what point does prosodic information come into play? Second, for unilaterally brain-damaged adults, is there evidence that these individuals can perceive prosodic cues relevant for syntactic structure? If so, how would these findings bear on theories of lateralization of prosodic processing?
We turn our attention to the normal controls (NCs) first. The question posed for this group was based on previous findings by Marslen-Wilson et al. (1992) who argued that prosody influences syntactic structure (Kjelgaard & Speer, 1999; Walker et al., 2001 ; but see also Albritton et al., 1996; Stirling & Wales, 1996) . In contrast to that work, the results of the present experiment were consistent with a Ôsyntax-firstÕ (serial processor) model, where prosodic information is integrated after initial structural assignments have been made. This follows from the finding that no significant influence of prosody was found for the minimal attachment stimuli (i.e., IMA vs. CMA conditions). For the non-minimal attachment stimuli, the significant influence of incongruent prosody that emerged (i.e., INMA > CNMA), is unsurprising on a Ôsyntax-firstÕ model. As mentioned in the introduction, in the congruent condition, the parser quickly re-assigns its initial (minimal attachment) structure to a non-minimal attachment structure with the aid of the prosodic information. But for the incongruent non-minimal attachment stimuli (INMA), as the processor re-analyzes its original parse, conflicting prosodic cues cause confusion, resulting in longer processing times. The one finding that is not entirely consistent with predictions of a syntax-first model is the absence of a significant difference between congruent minimal and non-minimal attachment stimuli. Without the assistance of prosody, one would predict longer RTs to the non-minimal attachment stimuli due to the requirement for syntactic reanalysis. However, aided post hoc by congruent prosody, perhaps the reanalysis in the present investigation was too fast to be captured by the lexical decision measures. In sum, the findings are consistent with a model where prosodic information does not direct the initial analysis of a sentence, but is quickly integrated in reanalysis (Stirling & Wales, 1996; Watt & Murray, 1996) .
With regard to the neurologically impaired adults, the results regarding syntactic processing were largely as expected. That is, the individuals with LHD displayed no effect of attachment type, which is unsurprising for individuals with nonfluent aphasia who likely exhibit syntactic processing impairments. On the other hand, the performance of the RHD patient group was more comparable to normal with respect to syntactic processing. Namely, minimal attachment sentences were processed somewhat faster than non-minimal ones, although this difference did not reach significance. Upon closer examination of the individual data, a large amount of individual variability emerges. Recall that, for the normal controls, RTs were slower in the INMA condition relative to the IMA condition (but not for the congruent stimulus comparisons), supporting a reanalysis interpretation. Within the RHD group, approximately half of the participants displayed a similar pattern (i.e., slower latencies in the INMA than the IMA condition), indicating an inconsistent sensitivity to attachment type in this patient group. We speculate that this variability may be attributed to working memory and/or attentional deficits commonly associated with RHD, rather than syntactic processing deficits per se. Such associated deficits may have interfered with some of the RHD patientsÕ ability to perform the experimental task, ultimately influencing the pattern of lexical decision latencies. Recall that the task employed-crossmodal lexical decision-requires subjects to attend to auditory input, while also focusing on a secondary visual (lexical decision) task. It is possible that this exceeded the computational limits of some of the RHD patients (cf. Walker et al., 2001) .
With regard to prosodic processing-the main focus of the present investigation-we were interested in addressing hypotheses concerning the hemispheric lateralization of prosodic cues. To anticipate the conclusion, our data are consistent with the hypothesis that the RH preferentially processes prosodic information that occurs over a relatively long temporal domain, whereas the LH is more specialized for prosodic information that spans a relatively short temporal domain Gandour et al., 2003; Poeppel, in press; Zatorre et al., 1992) . Furthermore, we will argue that the specific formulation of this hypothesis found in Gandour et al. (2003) better captures the present results.
In contrast to the findings of Walker et al. (2001) , neither patient group demonstrated normal sensitivity to the prosodic manipulations. Specifically, the performance of the RHD patients showed no effect of prosody. This is inconsistent with a functional lateralization of prosody, which would predict normal processing of linguistic prosody by RHD individuals. The results may, however, be interpreted within the context of a cue lateralization hypothesis that incorporates the concept of temporal domains, as described above. That is, the intonational cues that are purported to delimit phrasal boundaries like those used in the present investigation (cf. Beach, 1991) correspond to prosodic information which spans over ÔlongÕ domains, i.e., a phrase or a sentence. If we assume that this is precisely the kind of global domain that the RH specializes in processing (Behrens, 1989) , then it is unsurprising that RHD would yield impairments in processing of just such information, as found in the current results.
The performance of the LHD patients differed from that of both the RHD patients and the normal controls. Surprisingly, the prosodic manipulation did yield an effect, but in the unexpected direction. That is, the incongruent conditions were unexpectedly processed faster than the congruent conditions. These results suggest that, although the LHD patients did not process the prosodic information in the expected manner, they were nevertheless sensitive to it, unlike the RHD individuals. That is, the prosodic information was being processed by the LHD patients, albeit in a manner not easily understood. Below, we offer some possible explanations for this pattern of results.
First, as Selkirk (1984) and Albritton et al. (1996) have noted, there is no one-to-one mapping between a prosodic contour and a syntactic structure. Thus, there are presumably other possible acoustic patterns that can be used during a parse to disambiguate a structure. It could be the case that the LHD patients were relying on a different set of prosodic Ôexpectations.Õ Another perhaps more likely explanation is the following: it is the case that the LHD patients are processing the same cues as do normals, but they have either lost the ability to map those cues onto syntactic structures, or they are mis-assigning the cues. Under a cue-lateralization hypothesis, where the temporal domain of the prosodic cue influences lateralization, one might argue that, whereas syntactic disambiguation of the type required in the present investigation depends in large part on phrase-length prosodic information, another major cue is pause duration-arguably of relatively short temporal domain; this may be precisely the type of cue that the LHD patients are unable to appropriately map onto syntactic structure. Despite presumably intact access to prosodic information spanning over phrases, the LHD individuals are unable to make use of that information alone for disambiguation.
An alternative description of the short vs. long temporal domains may prove useful. Gandour et al. (2003) argue that the unit of measurement that distinguishes ÔshortÕ vs. ÔlongÕ temporal processing should not be one that uses absolute time scales, in the sense of Poeppel (in press). Instead, they propose that hierarchical levels of linguistic structure determine what domain is ÔlargerÕ than another. Specifically, Gandour and colleagues claim that the level of the syllable should be distinguished from the phrase. Suppose Gandour et al. (2003) are correct. How would their claim bear on the present findings? It is clear that the kind of prosodic information examined here involves structures that are between the syllable and the sentence. Prior to considering the current results within hierarchical prosodic structure, a brief review of prosodic theory is required.
It is uncontroversial that the phonological representation of a sentence must contain at least the constituent of a syllable. The grammar of prosody consists of hierarchically layered structures, the lowest of which is the syllable (this is the layer below the word) and the highest is the Intonational Phrase (see Beckman & Pierrehumbert, 1986; Nespor & Vogel, 1986; Selkirk, 1984 Selkirk, , 1995 . For our purposes, we will concern ourselves with the levels of Prosodic Word, Phonological Phrase and Intonational Phrase.
2 A short description is given below, with an example (from Ferreira, 1993) .
Constituents of prosodic structure
Intonational Phrase (IPh). The unit over which F0 in a declarative sentence typically falls; tends to be followed by a pause.
Phonological Phrase (PPh). All material up to a syntactic boundary constitutes a single phonological phrase.
Prosodic Word. Content word plus function word. Example 1 ''As Jim knows, Mary became a psycologist.'' A. Prosodic structure B. Syntactic structure Ferreira (1993) and Schafer, Speer, Warren, and White (2000) have convincingly argued for the psychological reality of prosodic structures as in Example 1A. The question being posed here is whether there are any neural correlates to the phonological categories inherent in prosodic structure. So far, researchers have focused largely on the segmental and syllable levels; whether the prosodic categories depicted above can be localized is an open question (Phillips, 2001) . For the sake of argument, suppose these categories do have neural correlates. Then the results for the LHD patients could be explained in the following way: whereas the LHD individuals are sensitive to prosodic information at the level of the Intonational Phrase, they do not have access to the smaller units of Phonological Phrase or Prosodic Word. In fact, the level of prosodic phrasing that is most closely associated with syntactic structure is purported to be the Phonological Phrase (Nespor & Vogel, 1986; Selkirk, 1984 Selkirk, , 1995 ; see also Kjelgaard & Speer, 1999 for a psycholinguistic investigation of the Phonological Phrase). This is precisely the level to which we suggest the LHD patients have impaired access. As such, even though the ÔlongÕ domain of the IPh is processed by the LHDs, knowledge of syntactic boundaries is impaired due to the inability to accurately interpret the prosodic structure of the Phonological Phrase. In comparison, the inability of the RHD patients to accurately perceive and interpret the Intonational Phrase, the highest level of prosodic structure, results in their insensitivity to prosodic information as a whole.
2 It should be noted that SelkirkÕs (1984) construction of the Phonological Phrase differs from that of Nespor and Vogel (1986) and from that of Beckman and PierrehumbertÕs (1986) intermediate phrase (iph) . For consistency, we adopt SelkirkÕs terminology, and note that the theoretical distinctions in the definition of this prosodic category between the Intonation Phrase and the syllable do not concern us here.
In conclusion, the present findings suggest that the individuals with RHD were largely insensitive to prosodic cues, whereas the individuals with LHD could perceive prosody, but not in an appropriate manner. The results are in keeping with a cue lateralization theory of prosodic processing that incorporates the notion of varying temporal domains. Phrasal acoustic cues (which correspond to Intonational Phrases) are preferentially processed in the right hemisphere, which specializes in processing acoustic cues that span over a long domain. In contrast, the left hemisphere is superior in processing acoustic cues that span short domains (e.g., Phonological Phrases and Syllables, as well as segmental duration, etc.; Gandour et al., 2003) . Finally, the results for the non-brain-damaged participants are consistent with a Ôsyntax-firstÕ serial processing model, where prosodic cues are used for quick re-analysis.
